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Motivation & Goal 





= Realisation of an absorber X-Band (9.4 GHz) 
= Low profile 
= Robust 
= Flexible 
= For outdoor applications 
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e ...Roo E 


esses Electromagnetic Wave Absorber tks 


= Incident wave must see Ze, (1202 Q) for ideal absorption 
= Either realized as broadband absorber or resonant absorber 


= Resonant absorber 


Salisbury screen ( derived from transmission line theory) 
- conductive sheet 2/4 in front of metallic ground plane 


Dallenbach absorber (impedance match due to 
permittivity and permeability ) 


= Frequency selective surfaces (FSS) 
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esses Absorber with FSS 





Starting with well Known FSS structures * 


Main task: construction of material/surface to achieve absorption by 
impedance matching and losses 


Periodic conductive structures 

- j,e. isolated patches , loopes etc. 

- or inverse holes in the conductive surface 
on top of a dielectric layer 

mostly grounded (PEC) with absorbers 





FSS provides good absorption 


* Ben Munk, “Frequency Selective Surfaces: Theory and Design”, Whiley, ISBN: 978-0-471-37047-5, May 2000. 
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.s.eee. Absorber With FSS 


holes in conductive surface on dielectric 
layer above ground plane 





9 3.5 10 10.5 11 
Frequency / GHz 


Simulated with CST 





Diameter of holes d = 22 mm 


distance between holes D = 36 mm Sensitive against material changes 
conductivity o = 60 S/m - size of holes 

dielectric layer h- 5mm: e.- 1.135 tans = 0.015 - hight of dielectric layer 
(chloroprene foam) - permittivity 5 


Possible grating lobes 
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332 Absorber with FSS Ko 


S-Parameter [Magnitude in dB] 


low conductive stick array on top 
of a grounded dielectric layer 












(spacing dist. horz. 2 mm, vert. 4mm)) > 
rectangular shaped sticks: 
| = 9 mm, w = 0.5 mm, H= 0.3 mm 
o = 30 S/m 
8 85 g 95 l0. 105 io 115 12 
Frequency { GHz 
... power flow density 
E S ANAN a 
dielectric layer P 
h = 4mm S - 
ground (PEC) er-1.3, tan - 0.03 MA rns 


works only for co-polarization | 
( E Il to sticks) 
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es... New structure 





= To overcome the polarization problem in an other way, sticks 
are randomely distributed 


Change of polarization of incident wave 


unit cell simulation 
28 mm x 28 mm 


Absorption [dB] 





rectangular shaped sticks: 
| = 10.5 mm, w = 0.5mm, h= 0.3mm | | een [O 
co = 100 S/m 

Same dielectric layer 
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e... Randomely Distributet Carbon Sticks 





= Center frequency can be adjusted by stick length 


unit cell simulation E ES 


Absorption [dB] 





Frequency / GHz 


rectangular shaped sticks: 
Llength |, w = 0.5mm, h= 0.3mm 
o = 100 S/m 

Same dielectric layer 
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es... New structure 





= Polarization insensitivty against normal wave 


unit cell simulation Change of incident angle 
| | | | — Theta = 0 deg 
— Theta = 10 deg 
— Theta = 20 deg 
— Theta = 30 deg 
— Theta = 40 deg 
— Theta = 50 deg 
— Theta = 60 deg 
— Theta = 70 deg 





Frequency / GHz 


Stick length and conductivity 
already optimized to 9.4 GHz 
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e.s.. New structure 








= Electric and magnetic coupling between sticks provides 
absorption E-coupling 


dB(max V/m) 













z Aa MAN 

+ LS KE AMA 5 

= ‘a te, eos gee 
Ve a “= > po EP 2 > 

— — Yo P “pi WAL. yi>? Simba T 
JA FN o ee enS E da E IAF tow, AA Ea ila 

PARAON ma Kk gue v eae Hu wa Kam = 

< DAA g 2 Gi ka su . 5 . 

ya a ns ro e o E RS e E. 
m m m 5 mm Sa + Ti a fey s + AG ee a Ek 
unit cell simulation | ee ee na 

Ape a ha s pa a $ “o” pka tools eh Saad 
Sumer ees 4> t3 a LA A a ae z š 

e-field (f=9.5) (peak) ma ae ee sn? E pS SEE 2. eee Kag a ee ee eh Sor bara Ka Honga 

Cutplane name: Cross Section Pa 2 Kg = Y Sea oY oe Pan eee de ae : i 
Cutplane normal: 040 O = wrt Pi ow T E E e p _—> 

Cutplane postion; 1.07 - IA A E as py so ome tee aes 

2D Masmum [vim]: -2.236 dB Max baga 2s 78 s5 91 t naa +=? as das A mo 
Frequency: 5 oa ee ag e ae, ee A he 
Phase: 33.75 Sma. 8 E ka AT GD ay 


dB(max A/m) 


EPA A 





be CC e o A e A CC Se PA | 
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sesso. New structure 





= Extended simulation to prove non periodicity 


SZmaxTE(0,0),ZmaxTE(0,0) [Magntude n d8] 














extended unit cell ; 
— phi=0 
Bi 
— phi=30 
— phi=40 
— phi=50 
— phi=60 
— phi=70 
AB -- W80 
El phi=90 
— phi=20 
2 —— _—_——_ _ —_———— — - >= ==> 
859 80 88 9 92 94 9.6 98 10 10.2 104 10.5 
rectangular shaped sticks: | Frequency / GHz 
| = 10 mm, w = 0.5mm, h= 0.3mm 
co = 100 S/m 
same dielectric layer 
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..... Realisation 





How to create conductive sticks ? 


- Carbon fleece, laminated with polyurethane 

= - Cut into stripes, w = 0.8 mm 

B - Cut to length, | = 9 mm 

E oia - Condutivity influence by additional carbon 
contcentration in the polyurethene 


Advantage: no printing 
no metal -> water resistant 
no pattern mask required 
allows frequency adjustment 





@ 868 MHz 
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esses Realisation 





conductive carbon sticks 





absorber requires approximately 15600 sticks / sqm (ca. 53 g) ! 
Challenge: equal stick density on the surface required! 
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esses Final design > Ko: 





3 mg SO eee 





1 


1. alumnium foil as ground layer 

2. chloroprene layer 

h=3.4mm, «= 1.3, tand = 0.03 
carbon sticks, |= 9mm 

4. polyuerathane top layer 0.3 mm 


UJ 





Final absorber was optimized by a empirical variation of 
parameters. Simulation showed the right way! 14 
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Measurement results D 





Tre! dB Mag 5dB/ RefOdB Math Smo 
Mem2rTre1] E dB Mag 5dB/ RefOdB Invisible 


A 
CT 
PEPE 

CC aa 
Ler 


ME 

UM AMV Y Y | 
AY] 
pot | | S a a S 


Chi Start 8 GHz Pwr 0 dBm Stop 12 GHz 


- center frequency could be achieved 
- extremly wide bandwidth 
- very good absorption behavior 
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E 
..e.e Measurement results fe 


Tro1 =*= dBMag 5dB/ RefOdB 7 Math Smo 1 
Mem2[Tred] 


dB Mag 5dB/ RefOdB Invisible 





Ch1 Start 8GHz Pwr O dBm Stop 12 GHz 


Slight influence of random distribution 
visible (frequency shift) 
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Measurement results D 


i 
| 


Tre A dB Mag 5dB/ RefOdB Math Smo 
kanto $ dB Mag 5dB/ RefOdB Invisible 


DI E aa 
CI 
Ai ere 


[Vhal Lab ll 

| | Mama l | |] 
A PPP py 
Pp po 
loop 





Ch1 Start 8 GHz Pwr O dBm Stop 12 GHz 
Slight influence of random stick 


distribution visible (reflectivity variation) 


Rainer Kronberger 17 
High Frequency Laboratory, Cologne 


Application 


behind bridge main girders to avoid ship radar clutter 






Distance Antenna-Bridge = 100m 


1m high 20dB Absorbers 


Only on the left side absorber 








Radar Image Comparison 
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esses Conclusions ke 


= A new type of (metamaterial) absorber has been 
presented, which shows, in contrast to other publications, 
a non periodic pattern composed by randomly distributed 
carbon sticks made out of low conductive material. 


= Parameter influences have been confirmed by simulations. 


= Simulations show a insensitivity against polarization and 
angle changes. 


= The absorber was realized for 9.4 GHz. The measurement 
results (only normal incident) are in good agreement with 
the simulations. 


= The absorber is made of flexible but robust material that 
can be used for outdoor applications. The overall 
development process shows that this type of new 
absorber is well suited for industrial applications. 
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Thank You very much for Your attention! 
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